There has been little assessment of the role the MDGs have had in progressing international development. There has been a 41 per cent reduction in the under-5 mortality rate worldwide from 1990 to 2011 and an acceleration in the rate of reduction since 2000. This paper explores why this has occurred and results for all developing countries indicate that it is not due to more healthcare or public health interventions but is driven by a coincidental burst of economic growth. Although the MDGs are considered to have played an important part in securing progress against poverty, hunger and disease there is very little evidence to back this viewpoint up. A thorough analysis of the successes and failures of the MDGs is therefore necessary before embarking on a new round of global goals.
Introduction
In the Millennium Declaration in 2000, the UN General Assembly resolved to reduce under-five child mortality by two thirds of their existing rates by the year 2015. The most recent Millennium Development Goals Report 2013 reports a 41 per cent reduction in the child death rate worldwide from 1990 to 2011 and an acceleration in the rate of reduction globally and in many regions since 2000 (UN, 2013) . While it is debatable whether the original ambitious target will be met by 2015, this acceleration in progress since the Millennium Declaration is to be welcomed. In light of discussions to develop policy post-MDG, it is useful to ask the question: why has this improvement occurred? Was it due to the efforts of national governments and aid agencies in increasing public health expenditure, access to safe water, access to basic sanitation and immunisation rates or was it due to coincidental economic growth?
Although a thorough analysis of the impact of all the Millennium Development Goals is warranted, I focus here on child mortality for a number of reasons. First, the goal on reducing child mortality rates implicitly captures much of the content of all MDGs as child mortality can only be tackled by improving incomes, reducing hunger, enhancing gender equality and providing maternal health services etc. Children explicitly feature in seven out of the eight MDGs and four of the goals include targets on child health. Second, the goal of improving child health has been central to the objectives of international institutions for some time. Third, high child mortality (unlike combating HIV/AIDS for example) is an issue in most developing countries. Lastly, the data underlying the Millennium Development Goal on child mortality rates is of higher quality than for other target indicators.
Official monitoring reports mainly focus on the degree to which progress towards the MDGs has been achieved with little evaluation of whether the pace of progress has improved since the Millennium Declaration (UN, 2013 ; World Bank, 2013a) . A number of academic studies have evaluated whether current levels of the MDG indicators are better or worse than predicted by historical trends (Klasen and Lange, 2012 ; Fukuda-Parr et al. 2013) . In this paper, I focus on child mortality and analyse not only why improvements have occurred but also the degree to which the Millennium Declaration was responsible for these changes. Although the effect of the Declaration on resource mobilization and national development priorities has been considered elsewhere, an analysis of how this may have then impacted on child mortality is still currently lacking due to its perceived analytical difficulty (Kenny and Sumner, 2011 ; Molenaar, 2012) .
Economic growth rates worldwide picked up significantly in the 2000s compared to the previous decade (OECD, 2010) . The United Nations report that GDP per capita growth rates in developing countries were an impressive 5.8 per cent from 2000 (UN, 2010 . This acceleration is unrelated to the MDGs but can be attributed to a commodities boom, less conflict, new information and communication technologies as well as avoiding bad macroeconomic policies (Arbache and Page, 2010; Rodrik, 2011 ; Subramanian, 2011) .
Higher GDP per capita is correlated with lower mortality at the country-level (Preston, 2007) . Pritchett and Summers (1996) argued that 'wealthier nations are healthier nations' due to increased income buying greater quantities of health-enhancing public and private goods. Richer countries can expand the public provision of housing, healthcare and education (Anand and Ravallion, 1993) and have better institutions (Cutler et al., 2006) while richer individuals can purchase greater amounts of the inputs to good health for example nutrition, medicines and private healthcare (Schultz 1999; Gwatkin et al., 2007 ).
The response of child mortality to short run variations in incomes due to a recession or boom could however be different. A boom could allow greater consumption of nutritious foodstuffs, mosquito nets and medicines. However, a boom could also increase work opportunities making a mother's time more valuable which would draw her away from time-intensive activities such as antenatal and postnatal healthcare visits, breast-feeding, cooking healthy meals and collecting clean water (Baird et al., 2011) . The composition of births can also change as the state of the economy varies with higher risk women deferring birth during a recession or suffering foetal loss through spontaneous abortion or still birth (Paxson and Schady, 2005) .
In a review of the empirical literature on child mortality in developing countries, Ferreira and Schady (2009) find that child mortality is generally counter-cyclical (decreasing in booms and increasing in recessions). This finding contrasts with the pro-cyclicality of US child mortality (Dehejia and Lleras-Muney, 2004) . Bhalotra (2010) argues that developing countries are different due to the lack of social welfare support and greater household credit constraints and finds that recessions in India drive mothers into distress working with reduced use of antenatal and postnatal healthcare facilities. Although the focus is on the mortality effect of recession, she finds no evidence of asymmetry in the effect of positive and negative macroeconomic shocks on infant mortality.
Many other factors impact on child health and there are other plausible explanations for greater progress in under-five mortality post-MDG. It is clear that the amount of resources available to developing countries for improving health has increased and, in the least developed countries, this has mainly been due to increases in foreign aid. Between 2002 and 2011, disbursements of ODA for health rose from US$ 6.2 billion to US$ 18.4 billion (WHO, 2013) and the positive effect of foreign aid on health outcomes has been established elsewhere (e.g. Arndt et al., 2011) . Following the establishment of the Global Alliance for Vaccines and Immunization (GAVI) in 2000 over 250 million children were immunised with GAVI-supported vaccines (Clemens et al., 2010) . Access to safe drinking water and basic sanitation has also been steadily improving since 1990 (WHO/UNICEF, 2013). These explanatory factors will all be considered in the analysis.
In September 2015, the UN General Assembly will agree on an expanded list of 17 sustainable development goals (SDGs) with 169 proposed targets. Frameworks for the SDGs should really consider first whether the original goals had any effect on outcomes including those related to health. It is clear that there have been substantial improvements in many social indicators since 2000 but it is not clear if these advances are attributable to the Millennium Declaration. The motivation for this paper is therefore to provide some analysis to ascertain whether the MDGs in particular changed trends in child mortality.
The paper is structured as follows: Section 2 introduces the methods; section 3 discusses the data; section 4 presents results and the final section concludes. 
Methods
This model provides a simple test of the overall pace of progress in child mortality across all developing countries. It will also be used to determine if there has been any acceleration in progress in the determinants of child mortality.
The United Nations Road map towards the implementation of the Millennium Declaration identified unsafe water, malnutrition, inadequate immunization, lack of education and lack of access to basic health and social services as major contributing factors to child mortality (UN, 2001) .
Strategies to effect change included improving national standards and community practices for safe motherhood ; improving maternal and newborn health care status and access to services; and supporting programmes for immunization and vaccination, the use of oral rehydration therapy, nutrition and water and sanitation interventions. If national governments and aid agencies responded to this road map we should see significant increases in health expenditure, access to safe water, access to basic sanitation and immunisation rates post-MDGs. Including the contribution of a set of explanatory variables, , to rates of decline gives:
(
The set of explanatory variables includes gross domestic product per capita, public health expenditure, private health expenditure, access to safe water, access to basic sanitation, the percentage of children receiving DPT vaccinations and the percentage of children receiving measles vaccinations. 1 The trend terms here capture the trend in global levels of health technology. Similar formulations have been used elsewhere for analysing secular trends in child mortality and are consistent with the theoretical framework used in health production function models (Thornton, 2002 ; Folland et al., 2007) . Alternative specifications (for example Klasen and Lange, 2012) are not considered here. To control for endogeneity, the model will be estimated by the two-step generalised method of moments (GMM) estimator which is more efficient than the standard twostage least squares estimator in the presence of heteroskedasticity and autocorrelation (Schaffer, 2010) . A number of alterative specifications for fixed effects and trend terms are also considered.
In aggregate analyses, results will be unweighted for population as the focus here is on how nations responded to the MDGs. At first sight, this may appear to be at odds with the Millennium Summit Declaration which was targeted at a global population. However, later announcements have often indicated that they were intended to be further applied at national level (UN, 2001 ) and much of the progress reports consider whether individual countries are on or off-track (UNDP, 2010 ; UN, 2013 ; World Bank, 2013a) . Also this approach is natural since an achievement at global level driven by a few very populous countries and leaving many countries off-track would be unsatisfactory (Manning, 2009 ).
Results will be analysed across developing countries only as the focus of the MDGs is in practice mostly on developing countries (Manning, 2009). Although not an MDG in itself but an additional indicator of progress towards MDG 4, estimates of these models for infant mortality will also be considered.
Data
Infant (IMR) and under-five mortality (U5M) rates per 1,000 live births in 129 developing countries for years 1990-2010 were sourced from the World Development Indicators Database (World Bank, 2013b) and used in log form. These data were ultimately produced by the United Nations Interagency Group for Child Mortality Estimation (IGME). For most developing countries vital registration systems are incomplete and child deaths must be estimated using other sources which vary in data quality and availability. The main alternative source is complete or summary birth histories collected through censuses and surveys (e.g. Demographic and Health Surveys, Multiple Indicator Cluster Survey) and child mortality estimates based on these sources are subject to various data quality issues such as sampling error and recall bias as well as methodological biases in converting birth histories into mortality estimates. IGME therefore employ modelling approaches to smooth out irregularities and correct for biases. Although these have been recently further refined to flexibly capture changes in U5M rates over time (Alkema and New, 2013) , they may unfortunately also remove informative temporal variation from the data creating a challenge for the empirical researcher to find statistically significant relationships.
Explanatory variables were sourced from the same dataset but were only available 1995-2010. The percentage of the population with access to an improved water source (for example piped water) (Water), the percentage of the population with access to improved sanitation facilities (for example piped sewer system) (Sanitation), the percentage of children ages 12-23 months who received diphtheria, pertussis and tetanus vaccinations (ImmDPT) and the percentage of children (Heston et al., 2012) and used in log form.
These data were complete over 1995-2010 for 112 countries while the remaining 17 countries had some missing data for some of these variables. The remaining six developing countries had insufficient data to be included.
Results

Main results
Unweighted means for 129 developing countries are given for all variables in Table 1 for selected years. Both under-five and infant mortality have fallen over this period and the explanatory variables which are all plausibly mortality-reducing have generally been rising. It is clear that a substantial proportion of deaths to children before reaching their fifth birthday occur in infancy.
[ Results in Table 2 indicate that slightly over two-thirds of developing countries (68%) have had accelerated improvement in under-five mortality since 2000. In 91 per cent of countries in sub-Saharan Africa, under-five mortality has declined more rapidly post-2000 compared to pre-2000.
Rates of decline have also accelerated in the majority of developing countries in every region except Latin America and East Asia. Table 8 in Fukuda-Parr et al (2013) has generally lower numbers of countries improving post-MDG in each region. This is due to their inclusion of non-developing countries and to more recent improvements in the accuracy of data (Alkema and New, 2013) .
Applying the stricter criterion of a statistically significant accelerated improvement does not change the overall picture although progress in Latin America becomes even scarcer. Infant mortality has followed a similar pattern but faster progress has been slightly more extensive. The rest of this paper will explore why faster progress has generally occurred.
[ The individual country results can be aggregated using a panel approach (model 2) and allow the estimation of an average increase in the pace of decline for developing countries (Table 3) .
Under-five mortality was declining in developing countries at an annual rate of 2.5 per cent pre-MDG and the annual rate of decline was a statistically significant 1.5 per cent faster after the Millennium To understand whether the determinants of child mortality have changed, a number of potential explanatory variables have been analysed pre and post-MDG. The data here are generally more limited and so the model in (2) is applied to the periods 1995-1999 and 2000-2010. A positive increase in any of these variables would be expected to improve child mortality. A general trend upwards in these variables over the whole period 1995-2010 is clear from the first row of Table 4 although statistically insignificant for DPT immunisation rates. The second row indicates that a In many countries, this was due to having already reached close to universal coverage by 2000.
[ In order to assess the relative contribution of these variables to progress towards Goal 4, the model in (3) Greene (2012) for details on these tests.
[ The trend terms in model (3) representing trends in global levels of health technology are assumed exogenous. However, it is unclear whether a priori the other explanatory variables should be treated as exogenous or endogenous in estimation. Both public and private health care expenditure would be expected to increase in a year with especially high child mortality which would lead to reverse causation. It is less likely but possible that access to water and sanitation facilities and immunization rates should also be contemporaneously correlated with shocks to child mortality.
In Baird et al (2011) , it is assumed that infant mortality does not reverse cause income while in Farahani et al (2009) income is regarded as endogenous. Estimates are given in Table 6 for the case of all exogenous explanatory variables ('OLS') and for the case of all endogenous explanatory variables ('IV-GMM') where the variables are instrumented by their values lagged by one to three years.
[ There is evidence of endogeneity and therefore the IV-GMM estimates are to be preferred.
The endogeneity test rejects the null of exogenous regressors testing all seven explanatory variables.
The OLS estimates are therefore likely to be biased although, a priori, the direction of the bias is uncertain. Where there is reverse causation of child mortality on the explanatory variables, OLS estimates will exaggerate their effect and coefficient estimates will be biased away from the null. On the other hand, effects may actually be underestimated in the OLS model. First, the explanatory variables used here will undoubtedly be subject to measurement error which is eliminated by instrumenting and measurement error causes effects on child mortality in the OLS model to be underestimated. Second, the direction of the endogeneity bias is ambiguous in multivariate regression (Ettner, 1996) . Second-order effects through correlations of any variable with the other regressors may change the predicted sign of the bias; it is therefore possible that eliminating endogeneity may lead to a larger estimate rather than a smaller estimate of the effect of any particular variable on child mortality.
Using the IV-GMM estimates, the effect of income on child mortality is seen to be larger on DPT immunisation which suggests rising immunisation rates increase under-five mortality appears counterintuitive at first glance. However this is consistent with studies showing that DPT-vaccinated children especially girls have significantly higher mortality than DPT-unvaccinated children in high-mortality countries in Africa and Asia (Aaby et al., 2012) perhaps due to the DPT vaccine being administered too early (Valentiner-Branth et al., 2007) or in conjunction with the live measles vaccine (Breiman et al., 2004; Chan et al, 2007) or as a booster in the second year of life.
Public health expenditure does not appear to have made any difference to child survival.
There is some evidence, at least in the poorest countries, that improving child health was not a priority for national governments during this period. Although, as reported earlier, disbursements of (Table 6 ) but of these only economic growth improved at a faster rate post-MDG (Table 4 ). The only available explanation for accelerated progress towards Goal 4 after the Millennium Declaration is therefore economic growth.
This conclusion is reinforced graphically in figure 2 . The cross-country average of under-5 mortality rates is calculated and its annual rate of decrease is displayed for each year over 2000 . There is a clear acceleration in the downwards trend over this decade going from an annual decrease of 3.0 per cent in 2000 to 3.9 per cent in 2008 slowing down to 2.6 per cent in 2010.
The estimate for the trend from Table 6 -2.4 per cent decrease annually -is also graphed (Trend_effect). Applying the statistically significant estimates from Table 6 to [FIGURE 2 HERE]
Robustness checks
The specification in model (3) was chosen so as to maintain consistency with models (1) and (2) but it can be shown that the results in the previous section are robust to a number of alternative specifications. The model in (3) with the level break terms and trend break term omitted are first considered:
Time effects common across all countries are then used instead of the trend and trend break terms:
The level break terms are then omitted from model 3b:
In the last specification, country-specific trends are used instead of global trends:
The models are estimated for under-5 mortality using the two-step GMM estimator as before and results are presented in Table 7 along with the corresponding estimates from the previous section 
Conclusion
The MDGs are considered by policy makers and civil society to have played an important part in securing progress against poverty, hunger and disease (Sachs, 2012) . If national governments and aid agencies responded to the Millennium Declaration in the manner originally envisaged, the data should indicate significant increases in public health expenditure, access to safe water, access to basic sanitation and immunisation rates post-MDG and these changes should have made a difference to child mortality rates.
From the analysis in this paper, it would appear that the Millennium Development Goals did not change trends in child mortality across the total sample of 129 developing countries considered.
It is clear that there has been acceleration in the rate of reduction of under-five mortality rates from 2000-2010. But across all countries considered, there is no evidence that rates of growth in private health expenditure accelerated or that trends in access to improved water sources, improved sanitation facilities or measles immunisation rates have improved. Growth rates in public health expenditure and the trend in DPT immunisation rates have been faster post-MDG but these have not caused child death rates to fall. In contrast, many countries have experienced rapid economic growth during this period. Income per capita is seen to clearly influence the child mortality rate and this relationship is robust when accounting for endogeneity or a variety of model specifications. The pattern of accelerating economic growth and a slowdown towards the end of the decade in developing countries is also clearly reflected in secular trends in under-five mortality. Furthermore, the most significant factor explaining annual decreases in child mortality over the decade was economic growth. intended to provide an initial investigation. (2) is by fixed-effects. Standard errors in parentheses are robust to heteroskedasticity and autocorrelation. (2) is by fixed-effects. Standard errors in parentheses are robust to heteroskedasticity and autocorrelation. .1 * * * p < 0.05, * * p < 0.01 Standard errors in parentheses are heteroskedastic and autocorrelation-robust. Estimated using two-step feasible GMM. All explanatory variables except trends and fixed effects are endogenous. Instruments are lags 1-3 except (3d) where instruments are 1st lags and trend break. Tests are the Anderson canonical correlations test with a null hypothesis of underidentification (χ 2 (2) in (3d) and χ 2 (15) elsewhere), the Hansen-J test with the null hypothesis of valid instruments (χ 2 (1) in (3d) and χ 2 (14) elsewhere) and the difference-in-Hansen endogeneity test with the null hypothesis of exogenous regressors (χ 2 (7) ). Figure 1 : Under-five mortality rates for developing countries by year Note: Calculated using the Epanechnikov kernel with optimal bandwidth. Densities are scaled so that the area under each graph is 1. 
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